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® ~mrol arrangement for a vehkle wftfi automatic transmhwion 

® ^ 11?!^"' Instance a fork lift, in which a hydraulic 
^m^^3}forMyrtng the fork (15) is driven by an engine (1) 
Z^^tZT 'TJ^"^ ^hUAe. employing an automatic 
mnwntaion (3, 2) for movement of the vehicle, is provided 
wtth inching control means (9, 6, 7. 8) which control a dutch 
r^5J "^"J^^fl movement system (4, 5) and the cargo 

The inching control Is 
effected by an operator through an inching pedal (9). 

In. for Instance, the fork lift, the dutch plate is eubect to a 
rwriarteble amount of wear and therefore the relationship 
between the degree of depresaion of the inching pedia (9) and 
engagement of the dutch (2) could change abruptly. Howev- 
^ compensation Is effected in order to maintain constant the 
twatlonship between the degree of depression of the Inching 
pe^and the degree of engagement of the dutch. An actual 
half-chitch engagement condition is set and actual dutch 



S^w^ •"•""'«l, Detedion of dianges in the actual dutdi 
P^Won gh^ing haff^dutch engagement (changes due to 

^L^I^LT^f' ^ adustment to effect the 

compensation. 
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INCHING CONTROL ARRANGEMENT FOR A V£HICI£ WITH AUTO- 
MATIC TRANSMISSION 

The present invention relates to an inching control 
arrangement for a vehicle with automatic transmission. 

For instance r a fork .lift is a vehicle specially de- 
signed for cargo handling. This vehicle is naturally 
capable of controlled forward and backward motion, as in 
the case of an ordinary vehicle, but also affords con- 
trolled lifting of the fork for cargo handling*. Power 
for the hydraulic source for moving the vehicle and for 
lifting the fork is provided in common by a motor for 
driving the fork lift. When a driver steps on (depresses) 
the accelerator in order to increase speed of lifting of 
the fork, the speed of travel of the vehicle also in- 
creases. Ihdiing operation is necessary in order that the 
fork might be lifted while the vehicle is fetationary or 
moving at very low speed. 

At present, for a fork lift, such Inching operation 
is effected by the operator stepping on (depressing) the 
clutch pedal of the fork lift. For example when the 
clutch is set to a perfect (DISENGAGED) OFF state, by the 
operator sufficiently stepping on (depressing) the clutch 
pedal, the vehicle Itself does not move even when the 
operator steps on (depresses) the accelerator pedal and 
the fork alone can be lifted up at a high speed. Further 
It is also possible for the vehicle to be allowed to move 
gradually by setting the clutch to a half-clutch condi- 
tion, by reducing the degree of stj^pplng on (the degree 
of depression of) the clutch pedal. Such inching opera- 
tion requires considerable skill of the operator and it 
Is expected that the transmitting operation of the ve- 
hicle Is carried out automatically. 

An automatic transmission having a mechanical 
clutch and gears just like those of an ordinary manual 
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tremsmission has been proposed for an ordinary passenger 
car. No clutch pedal is provided for this automatic 
transmission and a gear change is carried out by an ac- 
tuator, controlled by a signal sent from a control unit, 
in place of a gear change lever. 

Such an automatic transmission using a dry-type 
single plate clutch and gear transmission is convenient 
for a passenger ccu:. With such a transmission a driver 
is required only to operate the accelerator pedal, the 
clutch pedal and gear change lever being absent (a lever 
for selecting the running mode is provided) but, natur- 
ally, inching control is not provided. 

Apparatus embodying the present invention allows 
inching control of a vehicle with automatic transmission 
and comprises a control, unit which controls a clutch in 
accordance with the degree of depression of (an amount 
of stepping on) an inching pedal, which defines a target 
value, and mechanical clutch position, which provides a 
feed-bac)c quantity, there being provided a table which 
outputs a corrected clutch position, in relation to 
which the half clutch position is considered as a con- 
stant clutch position, the corrected clutch position be- 
ing . obtained by making access to said table in dependence 
upon detected clutch position, and control being carried 
out so* that the corrected clutch position matches the de- 
gree of depression of the inching pedal. 

The present invention relates primarily to vehicles 
for industrial use, such as a forJc lift, provided with 
automatic transmission (using a mechanical clutch) but 
which can also accomplish inching operation. 

Particularly the invention relates to such vehicles, 
e.g. a forlc lift, in which one power source (the motor 
or engine) not only drives (moves) the vehicle but sup- 
plies power also for another purpose, e.g. for operating 
the lift of a fork lift. 
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As explained below. In such vehicles, clutch wear . 
can represent a serious problem, particularly in relation 
to inching operations. An embodiment of the present in- 
vention can provide for mitigation of this problem. 

In an embodiment of this invention, it is provided 
than an inching pedal can always be operated in the same 
sense (always presents the same "feel" for an operator) 
by automatically compensating for clutch wear* 

Reference is made, by way of exaunple, to the accom- 
panying drawings, in which: 

Figs. 1A and IB are graphs for assistemce in 
explaining operation of an embodiment of 
the present invention; 
Figs. 2A and 2B schematically illustrate opera- 
tions relating to an embodiment of the 
present invention, and are in the fona of 
flow charts; ' 
Fig. 3 is a graph for assistance in explaining 
an example of a method of detecting a 
half -clutch position; 
Fig. 4 is a schematic diagram indicating the 
structure of a vehicle with automatic 
transmission; and 
Figs. 5(a) and 5(b) are graphs schematically 

illustrating effects of clutch wear on the 
relationship between clutch position and 
inching pedal position. 
A for)c lift with automatic transmission having a me- 
chanical clutch as mentioned above, is provided in ac- 
cordance with an embodiment of the present invention with 
an inching pedal for inching control. 

Fig. 4 schematically indicates, in outline, con- 
struction of a fork lift vehicle of this type. In Fig. 
4, 1 is an engine; 2 a mechanical clutch; 3 an automat- 
ic transmission; 4 differential gearing; 5 wheels; 




6 a control unit (such as a microcomputer control unit, 
etc.) which controls clutch 2 and automatic transmission 
3, etc.; 7 a clutch drive actuator; 8 a clutch stroke 
(position) detection sensor utilizing a potentiometer; 
5 9 an inching pedal; 10a sensor which detects a degree 
of stepping on (degree of depression of) the inching ped- 
al; 11 an accelerator pedal; 12 a sensor which detects 
a degree of stepping on (degree of depression of) the ac- 
celerator pedal; 13 a hydraulic pump; 14 a hydraulic 
10 cylinder; and 15 a cargo handling fork. 

The automatic transmission 3 combines gears as in an 
ordinary manual transmission. A change of gear ratio is 
carried out by means of an actuator controlled by a sig- 
nal sent from the control unit 6, instead of by a manual- 
15 ly operated gecu: change lever. 

When the fork lift starts to move, operations of 
clutch 2 to attain OFF (DISENGAGED) , half-clutch and ON 
(ENGAGED) conditions are necessary, but such clutch ope- 
rations are carried out by means of the actuator through 
20 the control unit 6. Therefore, like an automatic trans- 
mission vehicle utilizing a torc[ue converter, the auto- 
matic transmission vehicle utilizing clutch and gear 
transmission as shown in Fig, 4 does not require a manu- 
ally operable clutch pedal for vehicle movement. A ped- 
25 al (inching pedal) , which has a fxinction similar to that 
of a clutch pedal, is provided in order to afford inching 
control. 

The inching pedal 9 is not mechanically coupled with 
the clutch 2. Control of the clutch is effected via a 

30 servo control system. Namely, the amount W of stepping 
on (depression of) the inching pedal 9 is detected by 
sensor 8 and fed back to control unit 6. Roughly speak- 
ing, the control unit drives the actuator 7 until the ac- 
tual clutch position Y reaches a point corresponding to 

35 the amount W of stepping on (depression of) the inching 
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. pedal (target clutch position) . 

In an ordinary passenger car with automatic trans- 
mission, using a dry-type single plate clutch and gear 
transmission as mentioned above, a control circuit, 
mainly consisting of a microcomputer, senses amount of 
stepping on (degree of depression of) the accelerator pe- 
dal, running speed (e.g. road speed), rate of revolution 
of the engine, gear position and clutch position, etc. 
Moreover, when the microcomputer judges, on the basis of 
such data, that the driver intends to accelerate, it 
opens the throttle and automatically shifts gear upwards 
when the rate of revolution of the engine reaches a spe- 
cified value. For the upwards gearshift, the clutch is 
first set to OFF (DISiaiGAGED) , the gear is shifted to the 
next higher gear through neutral, and the clutch is again 
smoothly brought into engagement. On the other hand, 
when the control unit judges that the driver intends to 
decelerate, the gear is shifted down. 

Although details of actual construction are differ- 
ent, the transmission of the fork lift as ^town in Pig. 4 is 
similar in principle. The significant difference is that 
a high-power hydraulic pump for lifting up the fork is 
also driven by the engine output. In a case in which a 
hydraulic piimp is used for an actuator in the automatic 
transmission of a passenger car, the hydraulic pump must 
of course be driven, but a large pump output is not re- 
quired, and problems do not arise. 

Since the clutch 2 is of mechanical type, the clutch 
will be subject to wear as it ages, with consequent 
changes to coupling conditions (changes in relationship 
between clutch position and pedal position) . 

The half-clutch condition is used much more extens- 
ively in a fork lift than It is in an ordinary vehicle 
because a fork lift is used for frequent stop, start and 
inching operations, repeated over a short period of time. 
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For example, in an initial state (with an unworn 
clutch) the relationship between the degree of depression 
of the inching pedal (the amount to which the operator 
steps on the inching pedal) and clutch position may be as 
5 shown in Fig. 5(a). In Fig. 5(a) an amount a of depres- 
sion of the inching pedal corresponds to a clutch ON (EN- 
GAGE) condition while an amount b of pedal depression 
corresponds to a clutch OFF (DISENGAGE) condition. 

After a while / however, with wear of the clutch, the 

10 relationship may alter as indicated in Fig. 5(b). Name- 
ly, an amount a' of depression of the inching pedal then 
corresponds to a clutch ON (ENGAGE) condition, while an 
amount b' corresponds to a clutch OFF (DISENGAGE) condi- 
tion. Moreover an amount a of inching pedal depression 

15 now corresponds to a half -clutch condition. 

Although it depends upon the operating conditions 
of a fork lift, such a change in relationship between pe- 
dal depression and clutch position may sometimes be 
large due to extreme wearing of the clutch. Moreover, in 

20 some cases clutch wear may be so great that the clutch 
plate must be replaced every day. 

Without compensation as explained below, in such 
circumstances large vsuriations occur in the sense of ope- 
ration of the inching pedal (in the "feel" of the pedal 

25 for the operator) , and occur quickly, cuid thereby it is 
no longer possible for the operator to smoothly and de- 
licately operate the fork lift. Particularly, a problem 
arises in ensuring safe operations, because the sense of 
operation (the "feel") changes greatly before and after 

30 .the clutch plate is exchanged. 

Amount of wear of a clutch can be seized (detected) 
as displacement of half -clutch position. Further, by ef- 
fecting control such that the amount of stepping on the 
inching pedal (degree of depression of the inching pedal) 

35 does not directly correspond to (directly determine) 
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clutch position but such that control Involves an indi- 
rect correspondence^ with an actually detected half 
clutch position corresponding to a constant reference 
corrected clutch position, the same amount of coupling 
(degree of engagement) of the clutch can always be rea- 
lized for the same amount of stepping on the inching ped- 
al (the same extent of depression of the inching pedal) 
and effects of wear of the clutch can be absorbed. 

That is, control is effected so that the same amount 
of depression of the inching pedal always brings about 
the half-clutch condition (regardless of clutch wear) - 
by modifying the control relationship between amount of 
depression of the inching pedal and actually determined 
clutch position. In effect, amount of inching pedal de- 
pression is referred to corrected clutch positions (un- 
affected by wear) and then the control system refers cor- 
rected clutch positions to actual clutch positions in ac- 
cordance with a relationship which depends upon clutch 
wear. 

Pigs. 1A and IB are graphs of a schematic nature for 
assistance in explaining an embodiment of the present in- 
vention. In Fig. 1A, lines (a) and (b) respectively show 
the relationships between actual clutch position Y and 
corrected clutch position Z, with reference (constant va- 
lue) to the half clutch position, in an initial state (no 
clutch wear) and after the clutch has been subjected to 
wear. In Pig. IB, line (c) shows the relationship be-t. 
tween corrected clutch position Z, with reference to the 
half -clutch position, and amount W of stepping on (degree 
of depression of) the inching pedal. 

As indicated by lines (a) and <b) the relationship 
between clutch position Y detected by a sensor 8 as shown 
in Pig. 4 and clutch ON-OFF condition corresponding 
thereto changes as between an Initial state of the clutch 
and a subsequent state in which the clutch Is worn. 
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Initially, the clutch becomes OFF (DISENGAGED) 
after it is operated sufficiently by the actuator 7, but 
when the clutch has worn^ it becomes OFF (DISENGAGED) - 
starts to disengage - even with a small amount of opera- 
tion. Therefore, an arrangement in which clutch position 
y is simply indicated or determined directly by the 
amount of stepping on (degree of depression of) the inch- 
ing pedal suffers effects of clutch wear and thereby an 
operator's ability to sense half-clutch position may be. 
degraded as the clutch wears. 

It will be seen, however, from Fig. 1A, that the re- 
lationship between corrected clutch position 2 and actual 
clutch ON-OFF condition is the same whether or not the 
clutch is worn. This is provided by changing the rela- 
tionship between actual clutch position Y and corrected 
clutch position Z. 

Briefly, as between lines (a) and (b) , in this ex- 
ample (see below) , a correction factor of A A is intro- 
duced into the relationship, so that for both lines the 
relationship between corrected clutch position 2 and 
clutch ON-OFF condition is maintained. 

The correction factor is determined by detecting 
(changes in) actual clutch position corresponding to 
half -clutch condition. 

The half-clutch condition is detected by a suitable 
method (see below) and is taken to correspond to a half- 
clutch position A, in terms of the corrected clutch po- 
sition Z, and (in relation to half-clutch position A) va- 
lues +c>f , ^Ji are considered as providing clutch OFF 
and clutch ON positions, in terms of corrected clutch 
position Z. If the clutch OFF position (A ^) and 
clutch ON position (A -J^) respectively correspond to 
degrees of depression of the inching pedal b and a 
(A +oC provided at b and therefore clutch operated as 
OFF; A -J^provided at a and therefore clutch operated 
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as ON) , when the amount of stepping on (depression of) 
the Inching pedal Is c, the half-clutch condition A Is 
obtained, and the half -clutch condition can always be 
realized with the scuae amount of stepping on the inching 
5 pedal (with the same extent of depression of the inching 
pedal) - regardless of clutch wear. 

Actual half-clutch position can be detected by 
reading an output of a clutch position sensor 8 a:s pro- 
vided in Fig. 4 when a particular clutch condition ex- 

10 ists. The particular half -clutch condition can be de- 
fined, for example, as a condition in which if the ve- 
hicle starts to move from a stopped condition, the clutch 
position is changed to ON from OFF and a difference be- 
tween a number of. rotations (rate of rotation) of a drive 

1 5 shaft on the engine side and a number of rotations (rate of rotaticai) 
of a drive shaft on the vdieel side readies a specified value under 
oondlticns that the amount of depression of the accelerator pedal is 
within a specified range and the brake is released. 

Since a fork lift is often called upon to execute 

'20 repeated start and stop operations, measturement of a 
half-clutch position (under the particular condition) 
can be effected frequently. 

Limitation, or definition, of measuring conditions : 
is necessaacy to provide more acctirate measiurement , and 

25 it is recommended that In cases in which defined measur- 
ing conditions cannot easily be attained (e.g. in the 
course of normal operations) a switch be provided for 
designating a measuring mode in which the control unit 
(6) outputs (establishes) the predetermined conditions 

30 and measurement of half-clutch position is carried out 
under those conditions. 

For example, it is desirable that clutch position is 
read when the throttle is opened to a predetermined de- 
gree, the gear is in neutral, the clutch is set from OFF 

35 to ON at a predetermined speed, a difference 
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between the ntimbers (rates) of rotations of drive shafts 
on the side of the engine and on the side of wheels (on 
opposite sides of the clutch) reaches a predetermined 
value. 

Values ei and JJs may be fixed or may be variable in 
accordance with the clutch position as coefficients for 
clutch position Y in the half -clutch condition. In this 
example , ^ and Ji> are fixed. 

Values specifying the relationship between actual 
clutch position y and corrected clutch position Z are 
stored as a table in ROM (read-only-memory) and correct- 
ed clutch position Z is obtained as a feedback amount 
for the clutch servo system by accessing the table in 
accordance with the clutch position Y (sensed by the 
15 sensor 8). in principle, several such tables as men- 
tioned above are prepared, each specifying such a re- 
lationship appropriate for a different value of half- 

position y actually measured (appropriate for 
different amounts of clutch wear) . An appropriate table 
is selected for use in accordance with the measured va- 
lue. 

In fact, when the values^ and are fixed, it is 
necessary merely to move the whole contents of a table 
in parallel (in accordance with ) to take wear into 

25 account. Therefore, it is sufficient to prepare only 

one table and to provide for the addition of a constant 
value, which changes in accordance with weeu: of the 
clutch, to a corrected clutch position Z' as taken from 
the table. For example, if difference between a current 
actually measured value and an initial value of half- 
clutch position is A A, a corrected clutch position can 
be obtained (for any clutch position) by adding An to 
a value read from the table. 

Fig. 2A schematically illustrates, in the form of a 
flow chart, half -clutch position measuring processes re- 
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latlng to an embodiment: of the present invention. 

First, it is determined whether or not a measuring 
mode is designated. If the measuring mode is not desig- 
nated, it is determined whether or not a starting condi- • 
tion exists. If the vehicle is in a start mode, it is 
determined whether or not the amount of stepping (extent 
of depression of) the accelerator pedal is within a spe- 
cified range. If the accelerator pedal is within the 
specified range, it is determined whether or not the 
brake is reset (not applied) • When the bralce is reset 
(not applied) , operations remain as is until a differ- 
ence between a ntamber of rotations (rate of revolution) 
of the engine side of the clutch and a number of ro- 
tations (rate of revolution) of the transmission side 
Nt of the clutch reaches the predetermined value or less . 

(see Fig. 3). When - Rj.CAN, the clutch position Y is read 
(sensor 8) and set as Yh. Here, difference A. A between 
the initial value Y^ of half-clutch position and Yh is 
obtained. This value ^ A corresponds to wear of 

the clutch. 

When the measurement mode is deaigxiated, the clutch 
is first turned OFF, gear is neutralized, the throttle is 
closed to a specif led angle (degree) and the clutch is 
moved in the ON direction at a specified speed. Opera- 
tions after - Nj.<^A n are the same as those explained 
above. In other cases, this routine immediately termi- 
nates, r^his routine is started at regular intervals (se- 
veral milliseconds to several hundreds of millisecond) . 

Fig. 2B schematically Illustrates, in the form of a 
flow chart, inching control in relation to an embodiment 
of the present invention. Clutch position Y is first 
read and corrected clutch position Z = Y + A A obtained. 
An amount of stepping on (extent of depression of) the 
inching pedal is read and compared with Z. When Z «= W, 
the clutch is not moved and this routine terminates. If 
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Z > w, the clutch Is moved in an ON (ENGAGSIENT) direct- 
ion. If z < W, the clutch i3 moved in an OFF (DISENGAGE- 
MENT) direction. This processing routine is also started 
at regular intervals. The clutch may be moved a fixed 
distance in respect of processing in this processing 
routine, or may be moved continuously until a next in- 
struction is issued. 

Instead of converting clutch position Y, detected by 
the sensor 8 as described above, to corrected clutch po- 
sition Z by making reference to a table provided in rela- 
tion to the control unit 6, and then controlling the ac- 
tuator 7 so that it achieves a state appropriate to the 
amount W of depression of the inching pedal, it is pos- 
sible, in an embodiment of the present invention, to 
15 convert the amount W of depression of the inching pedal 
to a corrected clutch position Z (using a table provided 
in advance in the control unit 6) and to control the ac- 
tuator so that the corrected clutch position Z becomes 
equal to the clutch position Y detected by the sensor. 

As explained above, an embodiment of the present 
invention detects actual half -clutch point and corrects 
the clutch position as a feedback amount and therefore 
provides an advantage that the inching can be controlled 
by always opisrating the inching pedal in the same feel- 
25 Ing. 

An embodiment of the present invention relates to a 
vehicle such ak a fork lift in which a hydraulic pump 
for driving the fork is driven by the engine w^ich pro- 
vides power for running or moving the fork lift, and in 

30 which inching control is provided even though automatic 
transmission is employed for running of the vehicle. 
Inching control means control of the clutch for separat- 
ing the vehicle running (moving) system and cargo 
handling (the fork) system. This control is effected by 

35 an operator through an inching pedal. In a fork lift, the 
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clutch plate suffers a remarkable amount of wear and 
therefore the relationship between amount of "stepping on 
(extent of depression of) the Inching pedal and the de- 
gree of engagement of the clutch changes abruptly. An embo- 
diment of the present invention involves a technique for 
adequately measuring clutch position for resulting in 
the actual half-clutch condition and to compensate for 
control of the clutch with a view to maintaining unchanged 
the relationship between extent of depression of the 
inching pedal and the degree of engagement of the clutch. 

An embodiment of the present invention provides an 
inching control system for a vehicle with an automatic 
transmission consisting of dry type single plate clutch, 
gear type transmission, actuator which drives them and a 
controller which controls said actuator and provided with 
an object to be driven by an engine for drive the ve- 
hicle to run and an inching pedal which separates the 
drive for causing a vehicle to run and the difive for ob- 
jects to be driven, comprising s 

a means for detecting amount of stepping on 
the inching pedal and controlling amount of engagement 
of clutch by operating the clutch in accordance with 

said amount of stepping on the Inching pedal, 

a means for actually measuring clutch position 
where the clutch is set in the half-clutch condition, 
and a means for correcting amount of operation of 

clutch based on said actually measured clutch posi- 
tion so that relation between the amount of stepping on 
the inching pedal and engagement of clutch becomes 
always constant. 
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CLAIMS 

1 . Inching control apparatus for a vehicle with 
automatic transmission comprising a gear-type transmis- 
sion r a mechanical clutch ^ actuator means for operating 
the gear-type transmission and the clutch and a control- 
5 ler for controlling the actuator, the apparatus includ- 
ing 

an inching control member displaceable by an 
operator of the vehicle/ 

means operable to detect the degree of dis- 
10 placement of the inching control member by the vehicle 
operator r and operable to control the degree of engage- 
ment of the clutch in accordance with the detected de- 
gree of displacement, 

mews operable to detect actual clutch position 
15 when the clutch is set in a predetermined engagement con- 
dition, and 

mea^s operable to, correct the movement of the 
clutch, in dependence upon the detected actual clutch po- 
sition, in response of displacement of the inching con- 

20 trol member, so that the relationship between inching 

control member displacements and clutch engagement con- 
ditions is substantially maintained regardless of wear 
of the clutch. 

2 • Apparatus as claimed in claim 1 , wherein the 

25 predetermined engagement condition is a half- clutch con- 
dition. 

3. Apparatus as claimed in claim 1 or 2, for a ve- 
hicle having an engine providing power for moving the ve- 
hicle and also for other operations effected by the ve- 

30 hide, for instance cargo handling operations, the inch- 
ing control member serving for separating drive for mov- 
ing the vehicle and drive for the said other operations. 

4 . Apparatus as claimed in claim 1 , 2 or 3 , 
wherein the inching control member is an inching pedal. 
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5* A vehicle as mentioned In any preceding claim, 
in operative combination with apparatus as claimed in 
any preceding claim. 

6. A vehicle as claimed in claim 5, being a fork 

lift. 

7. A fork lift as claimed in claim 6, when read 

as appended to claim 3, wherein the engine provides power 
for moving the fork lift and for operating the fork. 
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